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PART I 
STMMARY OF WORK ACCOMPLISHED 

1.0 In t roduc t ion  

The r e sea rch  work accomplished under NASA g r a n t  N s G  129-61, 

f o r  t h e  pe r iod  November , 1962 t o  October , 1963, may be d iv ided  

i n t o  t h e  fol lowing ca t egor i e s :  * 
1) C o r r e l a t i o n  of r ada r  and photographic  d a t a .  

2 )  L i t e r a t u r e  sea rch  and pre l iminary  c a l c u l a t i o n s  t o  e s t i -  

mate d i e l e c t r i c  p r o p e r t i e s  of t h e  s u r f a c e  of t h e  moon. 

3 )  Methods of determining an improved e s t i m a t e  of l u n a r  

s u r f a c e  roughness and e lec t romagnet ic  p r o p e r t i e s .  

2 .0  C o r r e l a t i o n  of Radar and Photographic  Data 

This  work d e s c r i b e s  an  approach t o  t h e  s tudy  of c o r r e l a t i o n  

be tween  pulsed  r a d a r  and photographic  d a t a  a s  a method of supple-  

menting t h e  a v a i l a b l e  s t a t i s t i c a l  information on a rea -ex tens ive  

r a d a r  s c a t t e r i n g  s u r f a c e s .  A measure of t h e  s c a t t e r e d  energy i s  

obta ined  by s tudying t h e  var iance  and power s p e c t r a  of t h e  r a d a r  

and photographic  d a t a .  These s p e c t r a  a r e  obtained by t a k i n g  t h e  

F o u r i e r  Eransform of t h e  r e s p e c t i v e  a u t o c o r r e l a t i o n  f u n c t i o n s  

obta ined  from t h e  r a d a r  and photographic  d a t a .  Therefore ,  t h e  

va r i ance  and power s p e c t r a  a r e  considered f o r  c o r r e l a t i o n  s t u d i e s .  

There i s  a s t r o n g  c o r r e l a t i o n  b e t w e e n  t h e  r a d a r  and photo-  

g raph ic  va r i ance  and power s p e c t r a  f o r  farmland.  There i s  a 

r e l a t i v e l y  weak c o r r e l a t i o n  f o r  t h e  s p e c t r a  obtained from resid- 

e n t i a l  and i n d u s t r i a l  a r e a s .  Therefore ,  t h e  r e s u l t s  s e e m  t o  i n -  

d i c a t e  t h a t  c o r r e l a t i o n  between t h e  r a d a r  and photographic  d a t a  

depends on t h e  n a t u r e  of t h e  t e r r a i n .  However, it i s  f e l t  t h a t  
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i n  o r d e r  t o  make any d e f i n i t e  s t a t e m e n t  r ega rd ing  t h e  e x t e n t  t o  

which t h e  c o r r e l a t i o n  of t h e s e  s p e c t r a  depends on t h e  type of 

t e r r a i n ,  f u r t h e r  i n v e s t i g a t i o n s  are necessary .  

Th i s  work has  been r epor t ed  on i n  t h e  UNM Technica l  Report  

EE-89, May, 1963. 

3 .O L i t e r a t u r e  Search 
~~ 

This  b ib l iog raphy  is  t h e  r e s u l t  of a l i t e r a t u r e  s e a r c h  made 

d u r i n g  Our r e s e a r c h  on Na t iona l  Aeronaut ics  and Space Adminis- 

t r a t i o n   rant NSG 129-61. ~ever-1 d i f f z r e n t  n;ajor t s p i c  areas 

are included i n  t h i s  b ib l iog raphy .  

These areas are: 

1) B a c k s c a t t e r  and Radar Return.  

2 )  Lunar Sur face  p w p e r t i e s .  

3 )  Acous t ic  Ins t rumenta t ion  and Simula t ion  of Radar Return 

f r o m  T e r r a i n  and G e o m e t r i c a l  Shapes. 

4)  
The l i s t  of r e f e r e n c e s  which r e s u l t e d  from t h i s  r e s e a r c h  and 

C o r r e l a t i o n  of Radar and Photographic  Data. 

t h e  a s s o c i a t e d  l i t e r a t u r e  searches  i s  compiled t o  make a v a i l a b l e  

t o  o t h e r s  working i n  t h e s e  f i e l d s  a s t a r t i n g  p o i n t  f o r  t h e i r  own 

l i t e r a t u r e  sea rches .  

This  work has  been repor ted  i n  UNM Technica l  Report  EE-92, 

June ,  1963. 

4.0 Methods of Determining an Improved Es t ima te  of Lunar Sur face  

P r o p e r t i e s  

I n  reviewing r a d a r  r e t u r n  d a t a  taken  from a v a r i e t y  of 
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t e r res t r ia l  s u r f a c e s ,  it was noted t h a t * e  i n i t i a l  rise of t h e  

p u l s e  was, i n  g e n e r a l ,  l i n e a r  w i t h  t i m e .  The p r o b a b i l i t y  den- 

s i t ies of t h e  i n i t i a l  s l o p e  was obta ined  f o r  t h r e e  d i f f e r e n t  

t e r r a ins  (See P a r t  11). The mean of t h e  i n i t i a l  s l o p e s  i n d i c a t e s  

t h a t  it may be p o s s i b l e  t o  d i f f e r e n t i a t e  between t h e  s u r f a c e s  and 

f i n d  t h e i r  p r o p e r t i e s  f r o m  t h e  p r o b a b i l i t y  d e n s i t y  of i n i t i a l  

s l o p e s  and i t s  mean. 

The h e i g h t  d i s t r i b u t i o n s  w e r e  also ob ta ined  f o r  t h e s e  t h r e e  

u n r e a l i s t i c  as i n d i c a t e d  i n  L...& &L-.-- ...--.- 1 L -  - -  
J U A L I Q L C ~ ~ ~ ,  NUL ciicat: L G ~ U I L D  appedi- ~~~~~~~ 

P a r t  11, S e c t i o n  4.0. 

The m a j o r i t y  of o u r  f u t u r e  work w i l l  be d i r e c t e d  toward t h e  

t h e o r e t i c a l  j u s t i f i c a t i o n  of t h e  l i n e a r  i n i t i a l  s l o p e  and i n  

e s t a b l i s h i n g  t h e  s i g n i f i c a n c e  of i t s  mean, i f  any. 

5.0 Acoust ic  S imula tor  

Work has been accomplished on t h e  e l e c t r o n i c s  f o r  t h e  r e c e i v i n g  

system i n  t h e  a c o u s t i c  s imula to r  i n  p r e p a r a t i o n  f o r  experiments  

t o  de te rmine  t h e  e f f ec t  of roughness. This  work c o n s i s t e d  of de- 

s ign ,  f a b r i c a t i o n  and check o u t  of two t i m e  g a t e s  i n  o r d e r  t o  

a l l o w  more au tomat ic  and e a s i e r  r educ t ion  of  d a t a  taken  i n  t h e  

s i m u l a t o r .  This  work has  decreased toward t h e  end of t h e  r e p o r t i n g  

p e r i o d  t o  a l l o w  f o r  m o r e  t h e o r e t i c a l  work t o  be accomplished 

p r i o r  t o  t h e  running of  experiments.  This  t h e o r e t i c a l  work w i l l  

p rov ide  t h e  basis f o r  such f u t u r e  experiments .  

'As of March, 1964, t h i s  t heo ry  i s  being prepared  i n t o  a paper  
f o r  submission t o  Radio Sc ience-Journa l  of Research NBS/USNC-URSI- 
S e c t i o n  D. 
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6 .O Depo la r i za t ion  Experiment 

Attempts w e r e  made t o  analyze t h e  d a t a  taken  i n  t h e  depol -  

a r i z a t i o n  experiment repor ted  p r e v i o u s l y  .2 These attempts f a i l e d  

t o  obta in  a s o l u t i o n  due t o t h e  complexity of t h e  problem i n v o l -  

v i n g  s p h e r i c a l  waves r a t h e r  than  p l a n e  waves i q c i d e n t  on t h e  

target .  This  work was d iscont inued  f o r  t h e  p r e s e n t  i n  o r d e r  t o  

accomplish more t h e o r e t i c a l  s tudy  on t h e  a r e a s  po in t ed  o u t  i n  

P a r t  I, Sec t ion  4.0 and P a r t  I 1 , w i t h  t h e  a n t i c i p a t i o n s  t h a t  t h e  

r e s u l t s  of that work could be extended t o  p o l a r i z a t i o n  and mater- 

i a l l y  a i d  t h e  d a t a  reduct ion  of t h e  p o l a r i z a t i o n  experiment.  

7.0 Other Work 

N o  w o r k  has been accomplished on t h e  Aerobee High A l t i t u d e  

Radar experiment a s  no d a t a  has  been obta ined  on t h e s e  f i r i n g s .  

8.0 Futu re  Research 

* 

The m a j o r i t y  of ou r  f u t u r e  r e s e a r c h  w i l l  be d i r e c t e d  toward 

t h e  t h e o r e t i c a l  j u s t i f i c a t i o n  of l i n e a r  slope philosophy.  The 

f irst  area of i n v e s t i g a t i o n  w i l l  be t h e  s l o p e  of t h e  r e t u r n  p u l s e  

f o r  smooth geomet r i ca l  bod ie sO3  The fo l lowing  areas w i l l  be in- 

v e s t i g a t e d  a f t e r  t h e  f i r s t  a rea  has  been so lved .  

1) E f f e c t  of roughness. 

'Lenhert, D.  H. and W.W. Koepsel,  "Lunar Sur face  Charac te r -  
i s t ics  Eased on Radar and Photographic  D a t a , "  U n i v e r s i t y  of New 
Mexico Engineer ing Experiment S t a t i o n  Report  PR-39,  October,  1962. 

P o r t i o n s  of t h i s  
w o r k  have been completed (See f o o t n o t e  1). 

3This work i s  p r e s e n t l y  w e l l  under way. 



2)  E f f e c t  

3 )  E f f e c t  

of 

of 

9.0 T r a v e l  

N o  t r i p s  

p e r i o d .  

w e r e  
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PART I1 
INITIAL SLOPE THEORY 

l -  

1.0 In t roduc t ion  

It is  d e s i r e d  t o  ob ta in  a q u a n t i t a t i v e  d e s c r i p t i o n  of 

t h e  s u r f a c e  roughness and r e f l e c t i v i t y  from t h e  r a d a r  r e t u r n  

obta ined  from t h e  s u r f a c e  of some p l a n e t  such a s  t h e  moon. 

If t h e r e  e x i s t s  a method to ob ta in  such parameters ,  it must 

be able t o  s t and  t h e  t e s t  d i r e c t l y  when appl ied  t o  r a d a r  

r e t u r n  d a t a  from known t e r r e s t r i a l  t a r g e t s .  Once such a 

method has  been proven , then  it may be app l i ed  t o  t h e  a n a l y s i s  

of r a d a r  r e t u r n  d a t a  from t h e  moon. This  s e c t i o n  i s  concerned 

w i t h  such s t u d i e s .  

It has  been observed t h a t  any r a d a r  r e t u r n  p u l s e  has  

a d i s t i n c t  l i n e a r  s l o p e  beginning wi th  t h e  i n s t a n t  t h e  r e t u r n  

becomes d i s c e r n a b l e .  It i s  f e l t  t h a t  t h e  s l o p e  and e x t e n t  

of t i m e  du r ing  which t h e  s lope  remains l i n e a r  a r e  d i r e c t l y  

r e l a t e d  t o  t h e  a r e a  dimensions,  r e f l e c t i v i t y ,  and s u r f a c e  

roughness.  Radar d a t a  obtained from t h e  moon also shows 

a predominant log  l i n e a r  s lope  i n  t h e  lead ing  edge of t h e  

returned p u l s e  (see Fig .  1.1). Thus t h e  techniques  employed 

t o  analyze t e r r a i n  r e t u r n  da ta  may be used t o  s tudy  t h e  g r o s s  

f e a t u r e s  p e r t a i n i n g  t o  t h e  luna r  s u r f a c e  and i t s  average 

d i e l e c t r i c  c o n s t a n t .  This  r e q u i r e s  t h a t  t h e  s l o p e  theory  

be v e r i f i e d  us ing  a c t u a l  t e r r e s t r i a l  t e r r a i n  r e t u r n  d a t a .  

It w i l l  be necessary t o  develop a theory  which is  c o n s i s t e n t  

-6 - 
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A; 
B: 

Fig.  1.1 
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Delay (mi l l i - sec)  

3.6crn Wavelength 30 micro-sec . m n s r n i t t e r  p u l s e .  
P e t t e n g i l l ' s  R e s u l p  68cm Wavelength, 65 micro-sec 
T r a n s m i t t e r  Pu l se .  

The Curve f o r  Echo I n t e n s i t y  P l o t t e d  Aga ins t  a L i n e a r  
RangelDelay Axis. 

' P e t t e n g i l l ,  G .  H. and Henry, J. C.,"Radar Measurements of 
t h e  Lunar S u r f a c e , "  Proceedings of  t h e  Lunar Symposium ( N o .  14 
on t h e  Moon), IAU, Leningrad (1960). 
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w i t h  t h e  obse rva t ions .  However, it may be added t h a t  t h e  

d a t a  t o  be used f o r  v e r i f i c a t i o n  purposes  must have a reasonable  

s i g n a l  t o  n o i s e  r a t i o .  

Another p o s s i b l e  a p p l i c a t i o n  of t h e  s l o p e  theory  has  

been considered.  This  concerns t h e  problem of c l a s s i f i c a t i o n  

of t e r r a i n s .  It i s  be l ieved  t h a t  one may be able t o  c l a s s i f y  

a t e r r a i n  when i t s  complex d ie lec t r ic  c o n s t a n t  and t h e  manner 

i n  which i t s  p r o f i l e  changes from p u l s e  t o  p u l s e  a r e  known. 

T h i s  char?c;e is t h e  profile with reference t Q  2 datum is r\htained 

by cons ide r ing  t h e  de l ay  t i m e  corresponding t o  t h e  lead ing  

edge of t h e  r e t u r n e d  p u l s e ,  

I n  o r d e r  t o  s u b s t a n t i a t e  t h e  s l o p e  theory  and i l l u s t r a t e  

i t s  a p p l i c a t i o n s ,  r a d a r  da ta  obtained f r o m  a wa te r  s u r f a c e ,  

farmland and an i n d u s t r i a l  a rea  have been i n v e s t i g a t e d .  

The r e s u l t s  obtained from t h e s e  i nves t iga t ionshave  been included 

i n  t h i s  r e p o r t .  

2 .0  Radar Data Avai lab le  f o r  Analvsis  - -- 

The d a t a  t h a t  has  been used t o  s u b s t a n t i a t e  t h e  " s lope  

theory"  was p a r t  of an experimental  program t o  i n v e s t i g a t e  

t h e  r e r a d i a t i o n  p r o p e r t i e s  of  t e r r a i n  a t  n e a r - v e r t i c a l  

inc idence .  This  program was i n i t i a l l y  c a r r i e d  out  by t h e  

Sandia  Corporat ion.  5 

'Williams, C . S , ,  J r , ,  B i d w e l l ,  C.H, and Gragg, D ,  M.  
"Radar Return f r o m  t he  V e r t i c a l  f o r  Ground and Water Surfaces  
SCR-107, A p r i l  1960. 
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The approximate c h a r a c t e r i s t i c s  of t h e  r a d a r  used i n  o b t a i n i n g  

t h e  d a t a  are g iven  i n  Table 2 . 1 .  

Table 2 . 1  

Frequency 

No.1 

3800 m cps  

- 

P u l s e  Width 0.2 micro-sec 

No. 2 

4-15 m c p s  

0.1 micro-sec 

Antenna Gain 1 2  db 5 db  

More d e t a i l  concerning t h e  p u l s e  shapes and antenna p a t t e r n s  i s  

g iven  i n  P a r t  I11 i n  F i g s ,  111 -1 through 111-5 of t h e  r e p o r t  

concerned. 

While o b t a i n i n g  t h e  d a t a ,  t h e  radars w e r e  c a r r i e d  by a 

130-knot aircraft t h a t  made s t r a i g h t  and l e v e l  runs ,  each of s e v e r -  

a l  seconds d u r a t i o n ,  over  t h e  i n d i v i d u a l  t e r r a i n s ,  The an tennas  

w e r e  d i r e c t e d  s t r a i g h t  down. The effects  of p o l a r i z a t i o n  of t h e  

t r a n s m i t t e d  wave w e r e  ignored. 

Radar d a t a  obta ined  from a farmland, an i n d u s t r i a l  area and 

a w a t e r  s u r f a c e  w e r e  considered f o r  tbepurpose  of  a n a l y s i s .  B r i e f  

d e s c r i p t i o n s  p e r t a i n i n g  t o  t h e s e  t e r r a i n s  w i l l  be g iven  now. For  

m o r e  d e t a i l s  one might refer  t o  Sandia  Corpora t ion  Techn ica l  

Memorada (SCTM) . 6 

1. Farmland: Imper i a l  Valley of C a l i f o r n i a  

Th i s  terraiii c o n s i s t s  of a c u l t i v a t e d  and i r r i g a t e d  f a r m -  

l and  covered w i t h  heavy growth of p a s t u r e  and g r a s s l i k e  c rops .  

The i r r i g a t i o n  is  s u f f i c i e n t  t o  cause  t h e  ground t o  be r a t h e r  w e t ,  

(SCTM 254-55-54) by R.K. Moore . 

b W i l l i a m s ,  l oc .  c i t .  
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2.  I n d u s t r i a l  Area: S t .  Paul ,  Minnesota 
~~ ~ 

The t e r r a i n  c o n s i s t s  of f a c t o r y  b u i l d i n g s  which are a l l  very 

large and predominantly metal  roofed.  

of co r ruga ted  m e t a l .  T r e e s  a r e  s c a t t e r e d  through the area b u t  

by no  means predominant. Very l i t t l e  open ground exis ts  i n  t h e  

area excep t  f o r  a f e w  parking l o t s .  

3 . W a t e r  Sur face :  Lake Benidj i, Minnesota 

Some are c o n s t r u c t e d  wholly 

(SCTM 57-55-54) by D. M . G r a g g .  

This  l a k e  is  loca ted  i n  t h e  no r the rn  p a r t  of Minnesota. 

While o b t a i n i n g  d a t a ,  t h e  water  w a s  s l i g h t l y  r u f f l e d  by winds 

which caused approximate 1.7 1 "RE! Fnnt 
& V V C  

D.M. G r a g g .  

3.0  Procedure of Data Analysis  and Resu l t s :  

Radar d a t a  obta ined  from a w a t e r  s u r f a c e ,  farmland and an 

i n d u s t r i a l  area have b e e n  analyzed w i t h  a view t o  o b t a i n i n g  t h e  

fo l lowing  t e r r a i n  c h a r a c t e r i s t i c s :  

1. The p r o b a b i l i t y  d e n s i t y  d i s t r i b u t i o n  of t h e  s l o p e s  

a s s o c i a t e d  w i t h  t h e  l ead ing  edge of t h e  r e t u r n e d  p u l s e  du r ing  

t h e  l i n e a r  p o r t i o n .  

2 .  The approximate t e r r a i n  p r o f i l e  (wi th  r e f e r e n c e  t o  

some datum) obta ined  f r o m  c o n s i d e r a t i o n s  of t h e  d e l a y  t i m e  corres- 

ponding t o  t h e  l ead ing  edge of t h e  r e tu rned  p u l s e .  

Now, t h e  p r o b a b i l i t y  d e n s i t y  d i s t r i b u t i o n  of s l o p e s  event -  

u a l l y  y i e l d s  t h e  complex d ie lec t r ic  c o n s t a n t  and hence t h e  reflec- 

t i o n  c o e f f i c i e n t  of t h e  t e r r a i n .  Thus, i n  what f o l l o w s ,  t h i s  W i l l  



-11- 

be r e f e r r e d  t o  a s  t h e  p r o b a b i l i t y  d e n s i t y  d i s t r i b u t i o n  of t e r r a i n  

s u r f a c e  r e f l e c t i v i t y .  

The f i l m  is read on a Recordak f i l m  r eade r .  Fig.  3.1 re- 

p r e s e n t s  t h e  d i s p l a y  of a t y p i c a l  r e tu rned  p u l s e  on t h e  Recordak. 

Radar d a t a  t h a t  has  b e e n  obtained from t h e  va r ious  t y p e s  of 

t e r r a i n s  c o n s i s t  of about  two thousand f i v e  hundred p u l s e s .  How- 

e v e r ,  it is  s u f f i c i e n t  t o  cons ider  t h e  f irst  f i v e  hundred of t h e s e  

t o  o b t a i n  t h e  c h a r a c t e r i s t i c s  of i n t e r e s t  mentioned above. 

~ e t a i l a  pert-ining to thn t r r - L - 4  LLLAAAAAyu-w P T I ~ ~ C  e ~ ~ l e y e d  t~ &+-ah these 

c h a r a c t e r i s t i c s  w i l l  now be considered.  

3.1 The P r o b a b i l i t y  Density D i s t r i b u t i o n  of Surface  

R e f l e c t i v i t y :  

I n  o r d e r  t o  ob ta in  t h e  s lope  it is  found more convenient  t o  

f irst  measure t h e  angle  between t h e  h o r i z o n t a l  and t h e  l i n e a r  rise 

of t h e  lead ing  edge of each pulse .  

g e n t s  of t h e s e  ang le s  y i e l d  t h e  corresponding s lopes .  Thus, one 

may r e p r e s e n t  t h e  ang le s  s o  measured by 8 i  (i=l, 2 , .  . . . .TOO). 

Then t h e  t r i gonomet r i c  t an -  

Whi l e  ob ta in ing  t h e  a n g l e s  B i o  (i=l, 2 ,  . . . . .5OO), an error 

of f l.5O w a s  assumed. Thus, t h e  ensemble of t h e  500 p u l s e s  was 

d iv ided  i n t o  groups o r  c l a s s e s  w i t h  class i n t e r v a l s  of 3 0 , s o  as 

t o  d i s t r i b u t e  t h e  e r r o r  incur red  uniformly.  

t ics p e r t a i n i n g  t o  t h e  ensemble  and t h e s e  c l a s s e s  may now be de- 

f i n e d  : 

The fo l lowing  s t a t i s -  
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Readings made Peak 
a t  Center  of 
Trace. Receiver  C a l i b r a t i o n  

P u l s e  
c-- - - - 

/ ---- 
I 1  

-- 
L. -c B - 

A= Reference Po in t  f o r  Measurement of Delay T i m e  t o  
Leading Edge of Pu l se .  

B= P o i n t  on Time A x i s  t h a t  Corresponds t o  t h e  Peak 
Reading of Pulse .  

C= Leading Edge of Pu l se .  

AD, DF= The Dis tance  ( t i m e )  between T ime  Markers. 

E= Displacement of C a l i b r a t i o n  Pu l se .  

F ig .  3.1 A Typ ica l  Returned P u l s e  as Seen on t h e  Recordak. 
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- 
8 = Mean va lue  of t h e  d i s t r i b u t i o n .  

t h  - 
ek= Mid-vdue of t h e  k c lass ,  where, k=1,2, ..... n and n i s  

t h e  t o t a l  number of classes obta ined  f r o m  a given en-  

s e m b l e .  

u = The s t anda rd  d e v i a t i o n  of t h e  d i s t r i b u t i o n .  

fk= The c l a s s  frequency of t h e  k t h  class.  

Thus, one may w r i t e :  
n 
C f  e 
E f  

- k=i k 
e = - -  

k=l k (3.1) 

(3.  2 )  
- 

a = JMean Value - e2 = 
C f  k=l k 

and , 

Again,  f r o m  * c l a s s  frequency f (k=1,2, ... . .n ) ,  it fo l lows  t h a t :  k 

P = The p r o b a b i l i t y  t h a t  t h e  k t h  k 

- fk 

k=l 

- 
k 

2 f  

c l a s s  w i l l  occur 

(3 .3)  

Thus, t h e  d e s i r e d  p r o b a b i l i t y  d i s - r i b u t i o n  f o r  t h e  ensemble 

of t h e  a n g l e s  9 i  (i=l, 2 , .  . . . .5OO) may now be ob ta ined  by means 

of  t h e  s t a t i s t i c s  8 ,  a, and P which have been de f ined  i n  E q s .  

3 .1 ,  3 .2 ,  and 3 .3  r e s p e c t i v e l y .  F igu re  3.2  shows a t y p i c a l  d a t a  

r e d u c t i o n  s h e e t  which has  been used t o  o b t a i n  t h e  p r o b a b i l i t y  den- 

s i t y  d i s t r i b u t i o n  of t e r r a i n  s u r f a c e  r e f l e c t i v i t y .  

b u t i o n s t h a t  have been  included i n  t h i s  r e p o r t  have been p l o t t e d  

k 

Such d i s t r i -  



Pig. 3.2  Data Reduct ion  Sheet  



-15- 

w i t h  r e s p e c t  t o  t h e  normalized v a r i a b l e  

(See F igs .  3 . 3 ,  3.4, and 3.5) .  From t h e s e  d i s t r i b u t i o n s ,  t h e  

most p robab le  ang le  and hence t h e  m o s t  p robable  s l o p e  may be ob- 

t a i n e d .  I n  F ig .  3.1, t h e d i s t a n c e ,  AD, and t h e  d isp lacement  of 

c a l i b r a t i o n  p u l s e  E a l low the  sample means of t h e  t h r e e  p r o b a b i l i t y  

d e n s i t i e s  ob ta ined  t o  be r e f e r r e d  t o  a f i x e d  r e f e r e n c e ,  The 

sample means, 8 ,  t h u s  obtained a r e  shown i n  Table  3.1 .  
- 

Table 3.1 

T e r r a i n  Type 

Water Sur face  

- 
Mean Slope 8 

12.5O 

Farmland 14.4O 

I n d u s t r i a l  A r e a  27.4O 

3 .2  T e r r a i n  P r o f i l e  : 

To o b t a i n  t h e  t e r r a i n  p r o f i l e  it i s  r equ i r ed  t o  measure t h e  

d e l a y  t i m e  corresponding t o  t h e  l e a d i n g  edge of t h e  r e t u r n e d  p u l s e  

f r o m  a f i x e d  r e f e r e n c e  po in t .  I n  F ig .  3.1, a t y p i c a l  d e l a y  t i m e  

( i n  t e r m s  of an e q u i v a l e n t  l e n g t h )  is  r ep resen ted  by AC i n  c e n t i -  

m e t e r s .  I n  g e n e r a l  t h e s e  de lay  t i m e s  may be rep resen ted  by ti 
(i=l, 2 ,  . . , . .5OO) where t h e  p r i m e  i n d i c a t e s  t h a t  t h e  d e l a y  t i m e  

has  been expressed i n  t e r m s  of an e q u i v a l e n t  l e n g t h  i n  c e n t i -  

meters . 
Now, t h e  d i s t a n c e s  AD and D F  (F ig .  3.4 each measure 1-1-75 

c m s .  and it i s  known t h a t  t h e s e  are e q u i v a l e n t  t o  1.991 micro- 
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seconds w i t h  r e s p e c t  t o  t i m e O 7  Thus, one has  

l c m  = 0.17017 micro-sec 

o r  (3.4) 
t . c m s  = 0.17017 t a i  micro-sec = t .  micro-sec 
1 1 

F u r t h e r ,  t h e  v e l o c i t y  of p ropaga t ion  i s  300 m e t e r s  p e r  micro- 

second o r  984.42 feet  p e r  micro-second. Thus, f r o m  Eq. 3.4 it 

fo l lows  t h a t  I 

l c m  ( A s  measured on t h e  Recordak) = 167.52 feet  
(3.5) 

The mean d e l a y  t i m e  f o r  t h e  ensemble i s  g iven  by 

Thus, from E q s .  3.5 and 3.6 it f o l l o w s  t h a t  

h = f I I 167.52 ( t i i  - t ' ) i  feet 
i 2 L  

- 
= f 83.76 ( t i i  - t ' )  fee t .  (3.7) 

where,  h .  is  t h e  h e i g h t  of t h e  t e r r a i n  above or  below a da tun  

l e v e l  cor responding  t o  a t' a s  shown i n  F i g ,  3.6. 
1 

i 

Again, i f  t h e  speed of t h e  a i r c ra f t  w h i l e  o b t a i n i n g  r a d a r  

'Janza, F. J."The Analys is  of a Pulsed  Radar: A c q u i s i t i o n  
System and a Comparison of A n a l y t i c a l  Models f o r  D e s c r i b i n g  Land 
and W a t e r  Radar Return Phenomena," Sandia  Corpora t ion  Monograph, 
S C R - 5 3 3 ,  January,  1963, PP. 72-73. 
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d a t a  i s  V f e e t p e r  second, then  from Eq. 3.4 one has  

di = 0.17017 v t '  feet  (3.8) i 

where di is t h e  d i s t a n c e  on t h e  t e r r a i n  a long  t h e  l i n e  of f l i g h t  

of t h e  a i r c ra f t .  T e r r a i n  p r o f i l e s  t h a t  are  inc luded  i n  t h i s  re- 

p o r t  have been p l o t t e d  with r e s p e c t  t o  d as t h e  v a r i a b l e ,  (See 

F i g s .  3.7 and 3.8). 

/-\ 

Leve 1 

Fig .  3.6 A Representa t ion  of t h e  T e r r a i n  
P r e f i l e  w i t h  Respect t o  t h e  Var i ab le  t I i .  
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4.0 Conclusions: 

The three mean s lopes  g iven  i n  Table 3.1, whi le  n o t  a b s o l u t e  

va lues  of mean ang le ,  i n d i c a t e d  an o r d e r i n g  of t h e  t h r e e  s u r f a c e s .  

If  a t h e o r e t i c a l  b a s i s  can be obta ined  f o r  t h e  mean s l o p e ,  t h i s  

would be a means of i d e n t i f y i n g  th type  of s u r f a c e  and/or t h e  

e l ec t romagne t i c  p r o p e r t i e s  of t h e  s u r f a c e .  

While t h e  d a t a  obtained i n  S e c t i o n  3.2 r e l a t i n g  t o  t h e  d i s -  

t r i b u t i o n  of h e i g h t s  from an average s u r f a c e  a r e  i n t e r e s t i n g ,  t hey  

dr? net  appear t o  be r e a l i s t i c ,  A change of  40 f e e t  e l e v a t i o n  i n  

4 feet  a long  t h e  f l i g h t  path does n o t  appear  t o  be r e a l i s t i c  f o r  

farmland. Th i s  r a p i d  change could be expla ined  by us ing  t h e  l in -  

e a r  s l o p e .  This  t i m e  was measured w i t h  r e f e r e n c e  t o  t h e  f i r s t  

d i s c e r n a b l e  s i g n a l  above t h e  n o i s e  g i v i n g  a t h r e s h o l d  e f fec t , ,  

Cons ider ing  F igu re  4.1, a change i n  s l o p e  w i t h o u t  a change i n  

h e i g h t  from t h e  r e fe rence  s u r f a c e  would g i v e  an i n d i c a t e d  change 

i n  h e i g h t .  

Threshold 
1 2 

0 
A t- 

A = Time  Corresponding t o  Ac tua l  Beginning of R i s e .  
B = Apparent Time Equ iva len t  of Height  Change Between (1) 

and ( 2 )  Due t o  t h e  D ' i f f e ren t  Slopes.  

F ig .  4.1 E f f e c t  of Threshold on I n d i c a t e d  Height .  
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There fo re ,  u n l e s s  a c o r r e l a t i o n  f u n c t i o n  is  used between s l o p e  of 

r e t u r n  p u l s e  and h e i g h t  t h i s  d a t a  has  no s i g n i f i c a n c e .  

The d a t a  obta ined  above i n d i c a t e d  t h a t  t h e  mean s l o p e  is  

d i f f e r e n t  f o r  d i f f e r e n t  s u r f a c e s .  

o u r  f u t u r e  work w i l l  be appl ied  t o  o b t a i n i n g  a t h e o r e t i c a l  b a s i s  

f o r  such d i f f e r e n t i a t i o n  between s u r f a c e s .  The approqch t o  t h i s  

problem w i l l  be t o  f irst  s tudy t h e  r e t u r n  of p l a n e  3rd s p h e r i c a l  

waves f r o m  a smooth body (i .e.  geomet r i ca l ly  d e s c r i b a b l e  s u r f a c e )  

and c o n c e n t r a t e  on t i r e  i i i i t i a i  rise of ths r e t u r n .  It is a n t i -  

c i p a t e d  t h a t  t h e  smooth s u r f a c e  p a r t  of t h e  problem w i l l  show 

no p o l a r i z a t i o n  effect .  Cer t a in  d e s c r i b a b l e  roughness w i l l  have 

t o  be a t t r ibu ted  t o  t h e  smoth s u r f a c e  t o  b r i n g  about  d e p o l a r i z a t i o n  

i n  t h e  r e t u r n .  

Consequently t h e  m a j o r i t y  of 



APPENDIX 

Computation of R e f l e c t i o n  C o e f f i c i e n t  (\+I) a t  415 mcps 

and 3800 m z m  

It is  d e s i r e d  t o  compute t h e  t h e o r e t i c a l  curves  of r e f l e c t i o n  

c o e f f i c i e n t  ( I - p I )  ver sus  conduc t iv i ty  (u) f o r  v a r i o u s  v a l u e s  of 

d i e l e c t r i c  c o n s t a n t  (E). 

chosen a r e  i n  t h e  v i c i n i t y  of  t h o s e  p e r t a i n i n g  t o  a w a t e r  s u r f a c e  

( i n o r g a n i c  w a t e r ) ,  farmland and an i n d u s t r i a l  area. These curves  

may be used t o  good advantage t o  r e a d i l y  o b t a i n  I p I  f o r  a g iven  U. 

The va lues  of t h e  d i e l e c t r i c  c o n s t a n t s  

Fundamental t ransmiss ion  l i n e  concepts  are employed t o  compute 

1101 (See Fig, A - 1 )  - Accordingly one h a s ,  

'm - 'a 

'm a 

- 
P = -  - 

+ z  

where, 
- 
Z = The a i r - t e r r a i n  i n t e r f a c e  impedance " looking" f r o m  a 

reg ion  1 i n t o  reg ion  2 .  
- 
'm = The a i r - t e r r a i n  i n t e r f a c e  impedance " looking" from 

reg ion  2 i n t o  r eg ion  1. 

F u r t h e r ,  
- 

= 
'a € 

0 

and 
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where, 

= pemeabi l i t y  of a i r  = 1.257 x 10 -6 h.enry/meter, % 

‘0 = p e r m i t t i v i t y  of a i r  = 8.854 x 10- l2 farad/meter ,  

= permeabili ty of medium, 
’m 

= p e r m i t t i v i t y  of medium, ‘m 

w = angu la r  r ad ian  frequency = 27rf, and 

= conduc t iv i ty  of medium. “m 

Thus from E q s .  A . 2  one o b t a i n s  

and 

On assuming t h a t  Pm = 1, Eq. A . 4  may be w r i t t e n  as: 

and 
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0 0 

REGION 1 REGION 2 

A I R  MEDIUM 

€ 
€0 p m z  PO; um8 m 

0 0 

A i r - t e r r a i n  i n t e r f a c e  impedance 'I looking" from region 

1 i n t o  region 2 .  

A i r - t e r r a i n  i n t e r f a c e  impedance 'I looking" from region  

2 i n t o  reg ion  1. 

Permeabi l i ty  of a i r  = 1.257 x henry/meter 

P e r m i t t i v i t y  of a i r  = 8.854 x 10- l2 farad/meter .  

Permeabi l i ty  of medium. 

P e r m i t t i v i t y  of medium. 

Conduct ivi ty  of medium. 

Fig.  24.1. Representat ion of t h e  a i r - t e r r a i n  i n t e r f a c e  a s  a 
t r a n s m i s s i o n  l i n e  t e r m i n a l  impedance. 
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Thus, f r o m  Eq. A . 1  it may be shown t h a t  

Now f r o m  Eq. A.6 l p i  i s  computed for  a given € wi th  IT a s  t h e  

v a r i a b l e .  The c h a r a c t e r i s t i c s  so obta ined  a t  f r equenc ie s  of 

415 mzps and 3800 mcps a r e  included i n  t h i s  s e c t i o n  (See F igs .  

A . 2  through A.5). 

c o n s t a n t  of some of t h e  common types  of t e r r a i n s  a r e  l i s t e d  i n  

Table  A . 1 .  

m 

The va lues  of conduc t iv i ty  and d i e l e c t r i c  

8 

Table  A . 1  

T e r r a i n  Conduct iv i t  ( 0 )  D i e l e c t r i c  
(mhos/rnetery Constant  

( F a r a d d m e t e r )  

0 .21  76 

2 .  Sea w a t e r  4 80 

1. Mineral  w a t e r  9 

3 .  Rich a g r i c u l t u r a l ,  low h i l l s  0.01 15 
4. Marshy, f o r e s t e d  f l a t  land 

5. P a s t o r a l  land,  medium h i l l s  
and f o r e s t a t i o n  

6. Mountainous ( h i l l s  up t o  
3000 f t )  

0.008 

0.005 

12 

13 

0.001 5 

7. C i t i e s ,  r e s i d e n t i a l  a r eas  0.002 5 

8. C i t i e s ,  i n d u s t r i a l  a r eas  0.0001 3 

OIn te rna t iona l  Telephone and Telegraph Corporat ion;  Reference 
Data for  Radio Engineers;  American Book - S t r a t f o r d  Press Incor -  
po ra t ed ,  N.Y.: Fourth Ed i t ion ,  p .  714. 

'Janza, F. J. op. c i t .  p -  106. - -  
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. 

Fig. A.2 Reflection Coefficient Versus 
Conductivity Characteristics. 
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F i g .  A . 3  Reflect ion 
Coef f i c i ent  
Versus 
Conductivity 
Characterist ic  

Frequency = 3800 mcps 
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